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Primary Aims

e Web Mining
— Statistics in tables, graphs, structured records
— About Named Entities (criminals, universities,

cities, ...)

— Patterns of statistics over time

e Question Answering
— Structured databases (of extracted information)
- Semi-structured questions

— Similarity-based ranking of tables, graphs,
records
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Sample Questions

e Student Demographics

+ What are the main changes, if any, in
the past decade?

+ Have other universities exhibited a
similar trend?

+ What is the distribution of students in
university X by departments?
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A picture is worth a thousand of words

Mumber of Students in Different Departments (Ohio University)
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A picture is worth a thousand of words

Number of Students in Departments Over Time (Ohio University)
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A picture is worth a thousand of words

Years vs Number of Enrolled Students
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Rationale

Statistic-based QA is beneficial for certain
types of questions

Web pages contains rich statistical
information

Information extraction techniques need to
be developed and improved Web mining

Comparative image analysis (on curves,
graphs) should be investigated for QA based
on statistics
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What is novel?

e Mining the Web for distributed statistical
information

e Answering questions using statistics in a
tabular or graphical form

e Developing meaningful similarity metrics
for comparing curves or temporal trends
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Figure 1. Overview of the Multimedia (Q/A System
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Next ...

¢ Q/A
— Question Templates

— Answer Formulation
e Comparing Curves

— Query Relaxation
e Web Mining
— Focused crawling of invisible Web sites
e Using Named Entities with statistical weights

— Wrapper induction for different web sites
e Supervised learning

— Information extraction for tabular data
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Question Templates

e Three domains chosen -- universities,
criminals, properties

e Templates defined for each domain

e Assumed that different domains will
have different templates

e Allowing questions to relate more
than one domain at the same time

e Chose XML to formulate questions
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Representation - Tables

CARNEGIE MELLON UNIVERSITY
B. ENROLLMENT AND PERSISTENCE

B1. Institutional Enrollment--Men and Wamen Provide numbers of students reported on IPEDS Fall
Enrollment Survey 1999 as of the institution's official fall reparting date ar as of October 15, 1999, Refer to
IPEDS EF-1 Part A or IPEDS EF-2 Fart A {undergraduates only) surey

FULL-TIME PART-TIME
Men Women || IPEDS Men Women || IPELS
(IFEDS || (IFEDS || line || (FEDS || QFEDS || line
col. 157 || col. 163 col. 18) || col. 16)
Undergraduates
Degree-seeking, first-time frashrmen 768 ” 486 H lire 1 ” ] ” ] Hline 15
(Other first-year, degree-seeking 2 16 |[line2| 1 1 |line 16
lines 3- lines

WAl ather degree-seeking 2446 | 1304 5 0 & 17.70
Total degree-seeking 3241 || 1806 A1 28
Wl other undergraduates enrolled in credit courses 1 3 line 7 || B3 59 |line 21
Total undergraduates 3242 | 1809 |line || 124 87 |line 22
First-professional
First-time, first-professional students 0 0 line 9 0 0 line 23
Wl ather first-professionals ] 0 fline1d 0 0 |line 24
Total first-professional ] ] ] ]
Graduate
Degree-seaking, firsttime 703 | 300 Jine 11 167 | 77 Jine s
WAl ather degree-seeking 1021 || 368 ||line 12| 339 199 |lline 26
Wl other graduates enrolled in credit courses ] 0 |line13|[ 0 0 |line27
Total graduate 1724 || 668 506 | 276

Total all undergraduates ((PEDS sum of lines 8 and 22, cols. 15 and1B): 9136%
* Total does not include non-degree seeking students.

Total all graduate and professional students (PEDS sum of lines 14and 28, cols. 15 and 16): 3174
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Templates - CDS

Name of school

Year covered

Number of fullime freshman males accepted
MNumber of fulltime freshman females accepted
Number of parttime freshman males accepted
Number of parttime freshman females accepted
Total number of students

Number of nonresident aliens accepted
Number of black, non-hispanics accepted
MNumber of American Indian or Alaskans
accepted

Number of Asian or Pacific Islanders accepted
MNumber of Hispanics accepted

Number of White, non-hispanics accepted
Mumber of Students who submitted SAT scores

Percent of freshman with SAT1 verbal 700-800
Percent of freshman with SAT1 verbal 600-699
Percent of freshman with SAT1 verbal 500-589
Percent of freshman with SAT1 verbal 400-499
Percent of freshman with SAT1 verbal 300-399
Percent of freshman with SAT1 verbal 200-299
Percent of freshman with SAT1 math 700-800
Percent of freshman with SAT1 math 600-699
Percent of freshman with SAT1 math 500-599
Percent of freshman with SAT1 math 400-499
Percent of freshman with SAT1 math 300-399
Percent of freshman with SAT1 math 200-299
School total cost per year

Templates — General U. Info

Name of College/University

Mailing Address
City/State/Zip
Main Phone
Homepage

Source of control (public/private/proprietary)
Classification (coed,men,women)

Degrees Offered
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Representation - Tables

Templates - CDS

[ ] Name of school u Percent of freshman with SAT1 verbal 700-800
= Year covered [ Percent of freshman with SAT1 verbal 600-699
[ ] MNumber of fultime freshman males accepted | ] Percent of freshman with SAT1 verbal 500-599
[ ] Number of fulltime freshman females accepted | ] Percent of freshman with SAT1 verbal 400-499
[ ] Number of parttime freshman males accepted | ] Percent of freshman with SAT1 verbal 300-399
[ ] Number of parttime freshman females accepted | ] Percent of freshman with SAT1 verbal 200-299
= Total number of students = Percent of freshman with SAT1 math 700-800
[ ] Number of nonresident aliens accepted | ] Percent of freshman with SAT1 math 600-699
[ ] Number of black,non-hispanics accepted | ] Percent of freshman with SAT1 math 500-599
] Number of American Indian or Alaskans u Percent of freshman with SAT1 math 400-499
accepted ] Percent of freshman with SAT1 math 300-399
[ ] Number of Asian or Pacific Islanders accepted n Percent of freshman with SAT1 math 200-299
[ ] Number of Hispanics accepted n School total cost per year
[ ] Number of White, non-hispanics accepted
[ ] Number of Students who submitied SAT scores

Templates — General U. Info

Name of College/University

Mailing Address

City/State/Zip

Main Phone

Homepage

Source of control (public/private/proprietary)
Classification (coed,men,women)

Degrees Offered
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UniversityStatsMap

school_id
wear
criteria_id
arnounkt

UniversityCriteriaMaj

| criceria_id
description

UniversityBasicData

school_id
name

city

stake

zip

phone
hiomepage
control
classification

LITIT Tl ]]=
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Comparing Curves

e Once we retrieve the data for a query, we
can fit a curve and compute its trend.

e We need to figure out which trends are
most “similar”

— A lot of different approaches possible

- Need testing to figure out if any is good
enough

- Or, if we need to define a new metric.
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Comparing Curves

e |et’s start simple:

0
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" // e All series have same
e number of data
(s 5 points.

—M/ - 1-to-1 correspondence
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o |et's start simple:

Comparing Curves
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 Approach 1:
— Define dissimilarity by

24
Disl(x, y) = Y (x, = 3,)
=1

— Picks curves x and .

)

: ‘
I Clearly not what we want!
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point wise comparison:
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Comparing Curves

o |et's start simple:

90

e Approach 2:

80

, el — Define dissimilarity by
/ difference in changes
] /ﬁ x over consecutive

- Hoints:

. 24
Dis2(x, y) = ) (A, =4y,
=1

30

) whete Ax, =x, —x,_, and DNy, = y, — y._,

. — Picks curves x and z.
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Comparing Curves

e Relaxing assumption - handling missing
data:

70

e Need for filling in
, . missing data inside the

/\/ series — interpolation

o e Need for filling missing
E data at the end of the

series — extrapolation

20
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Comparing Curves

o A (relatively) complex approach:

100

90

We can approximate each
slope as a series of lines

and compare those.

50 1

Total Dissimilarity(x, 7) =

total _number _of _ lines

Z Dis1(line, ., line, .-)

=1
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Comparing Curves

e Linear renormalization of curves:
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What if one curve only
covers a part of the
total time scale?

— Need to stretch so that
we can compare with
the target curve.

— Probably a good idea to
punish the short curve
though.
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Comparing Curves

e Taking analysis a
step further:

cD High Frequency

L
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1000 data points
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cA Low Frequency
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=500 DWT coefficients
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We can use wavelets to
decompose the ‘signal’
- We get a “high frequency”
and a “low frequency”
component.

— For complicated graphs
can reveal underlying
relationships.

— Probably an overkill for
basic graphs.
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Evaluation Plan

Data collections
— University Students corpus
— Property Ownership corpus
— Criminal Records corpus
What to Evaluate?
- End-to-end performance (black box)
e Human annotated, paired test query-answer(s)
e Precision, recall, F1, or MRR
— Component performance (glass box)
e Web mining module (quantity & quality of info)
e Answer extraction module
- Right graphs, tables for Q?
e Similarity metrics for graphs & tables
e User presentation/interaction interface
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Curve-Curve Similarity:
Which is Best?

Sim(q.r| %,8) = | g, = [ r(Zdx,

0g(X) Or(x)
Ox . Ox,

Sim,(q,r|x,7)=
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More on Curve Similarity

e Multiple methods
— Analytic (wavelets or derivatives)
— Inflection-point centric (Fink et al)
- With displacement, scaling, embedding...

e Humans (analysts) are final arbiters

— Maximal correlation of method with aggregate
human judgments

— Collect a set of graphs & similarity judgment corpus
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Concluding Remarks

e MINERVA is an Exploratory Project

— Uncharted territories:
e Graph or chart as query (and answer)
e Mining for aggregate statistical data

— Evaluation must track research
e Component glassbox comes first
e TREC-style in subsequent periods
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